 Rehabilitation: The establishment of a stable and self-sustaining ecosystem, but not necessarily the one that existed before mining began. In many cases, complete restoration may be impossible, but successful remediation, reclamation, and rehabilitation can result in the timely establishment of a functional ecosystem. Abstract: This paper presents an overview of requirements of rehabilitation, restoration, reclamation and remediation, the terms usually interchangeable and closely linked in the mining areas, its environmental, economic & social tradeoff Indian coal mining scenarios. This study is based on two scenario, scenario I as being practiced as per MCP guidelines and Scenario II as introducing solar PV power plant in MCP process. The study reveals that scenario II has an edge over Scenario I in the field of environment, Social and economic tradeoff. Rehabilitation process in scenario II would restrict 0.18 Million tons of GHG emission @ 7114.4 tons of CO2e per annum, equivalent to 634 Ha of forest absorbing CO2. Rehabilitation process will further benefits about thirty thousand population covering 9.33% of the household in the nearby community by providing clean energy at the tune of 6624.0537 MWh/year. Economic benefit of this rehabilitation process may include 4.3 crores of revenue per year amounting to Rs. 30 crores to the mine management and Rs. 43 crores to the communities after the closure of mine activities. This would facilitate the mine management to fund the corpus for escrow fund from 12th year itself amounting to 30 crores. This rehabilitation process will result into increased reimbursement opportunity by Rs. 10 crores over 5.9 crores as in scenario I. This will facilitate the mine management in resolving their inability to reimburse the corpus fund deposited in escrow fund as per MCP guideline.
INTRODUCTION
Mine closure plans are specific to each mine, and include details on how the mining company will close the mine site, how environmental protection will be achieved, and how the site will be returned to an acceptable state for a pre-arranged land use. The terms reclamation, remediation, rehabilitation, and restoration the 4 R, are all used to describe mine closure activities that attempt to alter the biological and physical state of a site. The terms are sometimes used interchangeably, and are closely linked, but refer to distinct steps in the preparation of the site for another use:  Remediation: The cleanup of the contaminated area to safe levels by removing or isolating contaminants. At mine sites, remediation often consists of isolating contaminated material in preexisting tailings storage facilities, capping tailings and waste rock piles with clean topsoil, and collecting and treating any contaminated mine water if necessary.
 Reclamation: The physical stabilization of the terrain (dams, waste rock piles), landscaping, restoring topsoil, and the return of the land to a useful purpose.
 Restoration: The process of rebuilding the ecosystem that existed at the mine site (where applicable) before it was disturbed. The science of mine reclamation has evolved from simple revegetation activities to a discipline which involves using native plants to mimic natural ecosystem development over an extended period of time.
Necessity of Rehabilitation
For opening a new mine as Greenfield project or increasing the capacity of brownfield projects, mine owners have to obtain a social license (SL), which is an intangible, informal approval or acceptance of the community to have the mine in the community. In the past mining operations were abandoned without closure methods without mitigating physical and environmental impacts, have negatively influenced the ability of mining firms to obtain a social license. In Indian scenario mining firms have to obtain prior environmental clearance (EC) for all new projects or activities listed in the Schedule to this notification; Expansion and modernization of existing projects or activities listed in the Schedule to EIA notification 2006 with addition of capacity beyond the limits specified for the concerned sector, that is, projects or activities which cross the threshold limits given in the Schedule, after expansion or modernization; any change in product -mix in an existing manufacturing unit included in Schedule beyond the specified range. This is as per Environment Impact Assessment (EIA) notification 1994, EIA notification 2006 amended there on. This system of obtaining prior approval of EC have the provision of public hearing(PH) synonymous to SL as per stage 3 of clause 7(i) of said notification, vide which mining firm has to take the consent of stakeholders, who also considers the historic activity of the mining firms before giving their consent. These historic activity are nothing but are the activities addressed towards closure of mines by the past mine managers before abandonment of mines. Mine managers have to share its plan for closure in EIA study and how the closure will ensure that the community will not be harmed by the mine operations, closure, or post-closure conditions. All aspects of the environment, such as soil, water, air, are considered during closure planning. Mine owners shall be required to obtain mine closure certificate from coal controller to effect that the protective reclamation and rehabilitation work in accordance with approved mine closure plan (MCP) / final MCP have been carried out. Rehabilitation being the major issues.
World Scenario
As • Hydro-reclamation of abandoned mine-This were to include taking measures that will facilitate storage of water in the mine void to minimize the degradation of quality of water stored in the mine void and take measures to protect the quality of surface water and also recharge the ground water.
• Control the fire in coal seam/reject dumps.
• Take measures to ensure safety within the mine lease area.
• To improve landscape and aesthetics within the lease area. There is provision of 20% reimbursement after 4 th yr upon satisfaction of coal controller.
Objective
Comparing two scenario of MCP (Fig 1(a) ), Permanent Fencing of mine void -quarry/Pit top etc. and other dangerous area (Fig 1(b) ), Sealing of mine entries (Fig 1(c) ), Subsidence Management & post closure subsidence monitoring for UG if any( Fig  1(d) ), Grading of high wall slopes (Fig 1(e) ), Reclamation of abandoned quarry including backfilling, leveling, biological reclamation (Fig 1(f) ), OB dump reclamation including handling/dozing, technical and or biological reclamation, landscaping, plantation (Fig 1(g) ), monitoring/testing of parameters for three years (Fig 1(h) ), entrepreneurship development including vocational/skill development training for sustainable income of affected people (Fig 1(i) ), miscellaneous and other mitigative measures, manpower cost for supervision , third party audit of progressive mine closure by CMPDI, ICFRE, FRI etc. (Fig 1(j) ). These activities to include Remediation, Reclamation and Restoration. 
Scenario II
Rehabilitation in mine closure process after induct of solar photovoltaic system on non-forest land along with provisions made in guideline 2013. This activity to be included in the head 'entrepreneurship development scheme' as developed in scenario I. This new activities enrich the 4R'S approach of the mine closure after mining is complete i.e. Remediation, Reclamation, Restoration and Rehabilitation. This activity will ensure a complete new and improved land use.
Though this approach is not been practiced. This is a conceptual approach and may be included in MCP with slight modification. Under provisions of para 7 of guideline for MCP (2013) the concept of inducting photovoltaic system over the external overburden dump on the non-forest land with a plea of conservation of environment. This concept will not only earn revenue for the project but also in reimbursing the amount invested in installation of solar power plant and its maintenance as per para 6 of MCP guideline 2013. This approach of rehabilitation may help stakeholders in a better and sustainable manner.
This concept include using the non-forest area where generally the external OB dumps are initially planned during the start of mine. The overburden are to be dumped and terraced properly by making benches and 28 o or more slope as per the provisions as laid down in Coal Mines Regulation 1957 and amended thereon and statutory conditions imposed by statutory bodies like MoEFCC, Pollution board, Directorate General of Mines safety etc. while granting permission.
Fig2. Mine Closure Activity
Source: Mineral intelligence capacity analysis pp 3/12
A Case Study
An alternative scenario was tried to develop by incorporating installation of solar photovoltaic power plant on non-forest land without attracting the provisions of section 2(ii)/2(iii) for diversion/rediversion / change in land use provisions of forestland for non-forestry purpose (Fig. 2) . For this study a promising, mine with the rated capacity of more than 10 MTY coal located at East Bokaro coalfield of Bokaro District of Jharkhnad was selected as a model. 1x10 MW solar photovoltaic power plant is proposed to be installed over external overburden dump proposed at north-western part of the study area. This power plant is in addition to the activity proposed in scenario II and excluding bio-reclamation over about 20 Ha ( Table 1) . The difference in land use for Scenario I & Scenario II has been shown at fig. 3 . 
Table1. Post Mining Land use of Study Area

Assessment of Economic Tradeoff
The study area is an opencast coalmine. As per provisions of guidelines of MCP 2013, an escrow fund provisioning to be made for a minimum amount of Rs. 3317 Lakhs @ of Rs. 6 lakhs/ha and assuming no rise in wholesale price index. Considering life of mine to be 20 years, an annual corpus of 166 lakh and in total 5505 to be deposited up to the end of life of mine ( Fig. 4 ). Economic benefit from attaining the solar PV project its payback period i.e. after 8 th year up to end of life is about 30 crores @4.3 crores/yr from 14 th year to 20 th year ( Scenario II will result into increased reimbursement opportunity before 25th year, the year up to which claim for reimbursement is to be made, is in the tune of Rs. 10 crores over 5.9 crores in scenario I (Table 3 and Fig. 5 ). 
Assessment of Environmental Tradeoff
Rehabilitation process in proposed scenario II of the mine closure process after end of mining process in 20 th year will result into 7114.4 tons of CO2e per annum ie 71144 tons of CO2e for the remaining life of the PV system ( Fig. 6 ). This GHG reduction is equivalent to 634 Ha (=654.3-20) ha or 1567.5 Acre (1616.9-49.5) of plantation would have been made absorbed the GHG. 
Assessment of Social Tradeoff
From the assessment towards societal benefit of the mine closure practice after incorporating solar pv system in the module of MCP process it was found that the society leaving in an around the study area will be benefitted by Rs. 4.3 crores /year after the end of activity of mine i.e. after 20 th year in the name of profit earned by the project (Table 4 ). This is as because the PV power plant, which was installed by the mine management, will be in control of the society and has 10 more years of its life. Considering the norms for an average household consumption/month as 90 unit, a total of 6049 house hold will be getting clean electricity from the already installed by the mine management of the study area ( 
CONCLUSION
Post-closure may be a much longer period at many mines compared to the life of mine. Indeed, the consent of stakeholder, compliances of the prevailing statutory conditions and costs of closure should be a factor in the mine owner's decision to continue with a project.
The closure planning can be a good process to bring affected local communities back to the table.
Even when a community disagrees with a new operation, or disagrees whether to close a current operation, it can provide constructive input on closure On comparing scenario I & scenario II it may be observed that scenario II is much better option. Scenario II has an edge over Scenario I in the field of environment, Social and economic tradeoff. Rehabilitation of the coalmines after mining is complete, if follows, scenario II would restrict 0.18 Million tons of CO2e @ 7114.4 tons of CO2e per annum which is equivalent to 634 Ha of forest absorbing CO2. Rehabilitation process will further benefits about thirty thousand population covering 9.33% of the household in the nearby community by providing clean energy at the tune of 6624.0537
MWh/year. Economic benefit of this rehabilitation process may include 4.3 crores of revenue per year amounting to Rs. 30 crores to the mine management and Rs. 43 crores to the communities after the closure of mine activities. This would facilitate the mine management to fund the corpus for escrow fund from 12th year itself amounting to 30 crores. This rehabilitation process will result into increased reimbursement opportunity by Rs. 10 crores over 5.9 crores as in scenario I. This will facilitate the mine management in resolving the problem being faced in reimbursement of fund since targets to be achieved in progressive mine closure is not explicitly provided.
